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Description 

[0001] This invention relates to ultrasonic diagnostic 
imaging systems and, in particular, to ultrasonic diag- 
nostic imaging systems in which the scanning of pa- 
tients is done by cordless scanheads. 
[0002] Ultrasonic diagnostic imaging systems have 
traditionally been thought of as having two major con- 
stituent parts: a probe or scanhead, and the mainframe 
processor or system. The probe contains the piezoelec- 
tric transmitter and receiver of ultrasonic energy which 
is used to scan the patient' s body. The system contains 
the sophisticated electronic controllers and processors 
which control the probe and turn the received echo sig- 
nals into diagnostic images and information. But there 
is one additional ever-present component: the cable 
which connects the probe to the system, through which 
power and signals are coupled between the probe and 
system. 

[0003] The probe cable has taken many forms as it 
has evolved over the years, and has had varying im- 
pacts on physician and patient comfort and conven- 
ience. Early products which only were used for audio 
Doppler or A-line (single line) imaging needed very few 
wires in the cable. Since the probes for such products 
generally used single element or single piston transduc- 
ers, sometimes referred to as "pencil probes," signal 
and ground wires often sufficed as a complete cable. 
Such a probe had an unsteered, fixed focus along a sin- 
gle beam. The user adjusted the probe by physically 
moving it to a different position or offsetting it from the 
body with an acoustic standoff. While the thin, light cable 
was convenient to lift and maneuver, the caliber of the 
diagnostic information obtained was minimal. 
[0004] The advent of B arm systems took conven- 
ience in a different direction. In these systems the probe 
was attached to the end of an articulated arm which pro- 
vided probe position information for two dimensional im- 
aging. The step-up in diagnostic image quality was at 
the expense of the articulated arm, which constrained 
imaging to its range of movement. Merged into the ar- 
ticulated arm, the cable was virtually unnoticeable in the 
ungainly mechanism. 

[0005] Greater freedom of movement returned with 
the development of the mechanical sector scanner 
probe. The mechanical sector scanner oscillated the 
transducer back and forth to scan the image field, and 
the oscillating mechanism provided the spatial orienta- 
tion for two dimensional imaging. A single piston trans- 
ducer with two wires, signal and ground, was needed, 
as well as wires to power and control the oscillating 
mechanism and send the spatial orientation signals to 
the system. The hand-held probe was convenient, but 
the cable was beginning to grow in size. 
[0006] Cable growth accelerated considerably with 
the advent of solid-state or array probes. In the array 
probes the transducer comprises an array of dozens or 
hundreds of elements which are individually controlled 



to electronically steer and focus the ultrasound beam. 
But with individual control comes the need for individual 
wires : a 1 28 element transducer probe can require a ca- 
ble with 128 individual wires. Since received echo sig- 

5 nals are generally of very low levels, the wires are not 
simply stranded wires, but coaxial lines, each with its 
own signal line and conductive shield. While various 
multiplexing schemes in the probe have been used to 
reduce the number of wires in the cable, these schemes 

w can have adverse consequences for performance crite- 
ria such as frame rate, aperture size, and control com- 
plexity. Accordingly it would be desirable to reduce the 
size of the probe cable, or even eliminate it, thereby im- 
proving clinician and patient convenience but without in- 

15 curring any performance penalties. 

[0007] In the European patent application number 
EP0762142, an ultrasonic imaging device and method 
is disclosed, in which the reception signals of a pulse 
echo driven ultrasound array are transmitted to a signal 

20 processor via optical waveguides. The signal processor 
uses the reception signal to form an image of the object 
under investigation. The reception signals are analog or 
digital optical signals. The optical transmission is carried 
out using a time or frequency multiplex method. Light in 

25 the IR spectrum is used for signal transmission. An ad- 
ditional transmission device is connected to the trans- 
mission pulse generator via an optical waveguide for 
transmission of the transmission time point. 
[0008] In accordance with the principles of the present 

30 invention, an ultrasonic diagnostic imaging system is 
presented in which the probe cable is eliminated, giving 
rise to the utmost convenience for the clinician and pa- 
tient. This convenience is brought about by the inclusion 
of a wireless transmitter in the probe case, eliminating 

35 the need to connect the probe to the mainframe ultra- 
sound system. The ultrasound system includes a receiv- 
er for receiving the ultrasound information from the 
probe. The transmission bandwidth is kept low by doing 
at least some beamforming in the probe itself, so that 

40 only beamformed echoes need be transmitted to the 
mainframe system, replacing the 128 wires from the in- 
dividual transducer elements of the array probe men- 
tioned above. The complete elimination of the probe ca- 
ble provides the ultimate in ultrasonic scanning ease 

45 and convenience. 

[0009] In the drawings: 

FIGURE 1 illustrates in block diagram form the con- 
ventional configuration of an ultrasonic probe, ca- 
50 ble, and ultrasonic imaging system; 

FIGURE 2 illustrates an ultrasonic probe with an in- 
tegral beamformer operatively connected to an ul- 
trasonic imaging system; 

FIGURE 3 is a more detailed block diagram of the 
55 ultrasonic probe of FIGURE 2; 

FIGURE 4 illustrates in block diagram form a digital 
beamforming integrated circuit suitable for use in 
the ultrasonic probe of FIGURE 3; 
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FIGURE 5 illustrates in block diagram form a multi- 
plexer suitable for use in the ultrasonic probe of 
FIGURE 3; 

FIGURES 6a and 6b illustrate a cable-less ultrason- 
ic probe and an associated ultrasonic imaging sys- 5 
tern in accordance with the principles of the present 
invention; 

FIGURES 7a- 7d illustrate transceiver configura- 
tions suitable for use with the ultrasonic probe of 
FIGURE 6a and the ultrasound system of FIGURE 10 
6b; 

FIGURES 8a and 8b illustrate the internal array and 
integrated circuit packaging of a cable-less probe; 
and 

FIGURES 9a-9d illustrate the probe case for the *5 
components of FIGURES 8a and 8b. 

[0010] Referring first to FIGURE 1 , a conventional ul- 
trasonic probe, cable and imaging system arrangement 
is shown in block diagram form. The ultrasonic probe 1 0 20 
includes a transducer array 12. Conductors 14 connect 
individual elements of the transducer array to conduc- 
tors inside a cable 20, which connects to an ultrasonic 
imaging system 30. The conductors of the cable are 
electrically connected to a beamformer 32 in the imag- 25 
ing system, which controls the timing of the pulsing of 
the elements of the transducer array, and delays and 
sums received echo signals from the transducer ele- 
ments to form coherent beams of echo signals. The 
beamformed echo signals are coupled to an image proc- 30 
essor 34 where they are processed to form an image of 
tissue or flow within the body of the patient being 
scanned. The resultant ultrasonic image is displayed on 
an image display 36. Coordination of the processing and 
data flow of the beamformer 32 and image processor 34 35 
is provided by a system controller 38, which receives 
instructions from a user by way of various user controls. 
[001 1] While the elements of the transducer array 12 
are shown directly wired to the conductors of the cable 
in FIGURE 1, multiplexers can be included within the *o 
probe between the array elements and the cable to re- 
duce the number of cable conductors. It is then neces- 
sary to control the multiplexers from the ultrasound sys- 
tem with control lines, so that the cable conductors are 
multiplexed to the elements of the current active aper- 45 
ture each time the probe is transmitting or receiving ul- 
trasonic signals. 

[0012] FIGURE 2 illustrates an ultrasound system in 
which the beamforming for both ultrasonic transmission 
and reception is done within the probe, significantly re- so 
ducing the number of conductors needed within the ca- 
ble 20. The elements of the transducer array 1 2 are cou- 
pled to a transmit/receive beamformer 16. which con- 
trols the timing, steering and focusing of the ultrasonic 
beams transmitted by the array and the beamforming of 55 
coherent echo signals from the signals received by the 
array elements. The formed beam, rather than signals 
from each transducer element, are coupled through the 



cable 20 for image processing and display by the ultra- 
sound system 30. The cable 20 will also convey control 
information from the system controller 38 which com- 
mands the beamformer as to the specifics of the image 
being scanned. This control information can be con- 
veyed by a serial digital line in the cable and the infor- 
mation stored in beamformer registers as discussed be- 
low. The cable will also carry supply voltages for the 
beamformer and the transducer array. Even when the 
transmit/receive beamformer 16 is a digital beamformer 
producing multibit digital data, the number of cable con- 
ductors is still substantially reduced as compared to the 
conductors required for a conventional 64, 96 or 1 28 el- 
ement transducer array. 

[0013] Since the received ultrasound beam is formed 
in the probe 10 in FIGURE 2, the probe does not need 
to use the beamformer 32 in the ultrasound system 30. 
The beamformed echo signals produced by the probe 
10 can be coupled directly to the image processor 34 
for immediate processing and subsequent display. In 
the embodiment of FIGURE 2 this is accomplished by a 
switch S which is switched under control of the system 
controller to connect the beamformed echo signals from 
probe 10 to the image processor, rather than signals 
produced by the system beamformer 32. As is conven- 
tional, a "personality chip" in the probe 1 0 or its system 
connector 22 notifies the user of the characteristics of 
the probe 10 and selection of probe 10 by the user at 
the user controls causes the system controller to com- 
mand the probe to operate and connect its echo infor- 
mation to the image processor 34. 
[0014] FIGURE 3 illustrates an embodiment of an ul- 
trasonic probe with a beamformer 16 and a transmit/re- 
ceive multiplexer/demultiplexer 18. The beamformer 16 
includes transmit and timing circuitry 300 which controls 
the timing of the ultrasonic waves transmitted by the el- 
ements of the transducer array 1 2. The transmit and tim- 
ing circuitry receives command signals from the ultra- 
sound system 30 to control the probe to produce the 
type of image desired by the user. The transmit and tim- 
ing circuitry also directs the transmit/receive multiplex- 
er/demultiplexer to select the desired active aperture of 
the array. The transmit and timing circuitry can also con- 
trol the nature of the transmitted wave, for instance, 
transmitting different waves for B mode and Doppler im- 
aging. The timing and control signals are applied to the 
multiplexer/demultiplexer 18 and elements of the array 
are excited at the proper times to steer and focus the 
desired transmit beam. 

[0015] Echoes received by the array elements are 
converted to electrical signals by the elements and di- 
rected by the multiplexer/demultiplexer 1 8 to the receive 
beamforming circuitry of the beamformer 16. The re- 
ceived echo signals from the transducer elements of the 
active receive aperture are coupled to individual chan- 
nels of the beamformer; the drawing of FIGURE 3 illus- 
trates a four channel beamformer. The preferred beam- 
former is fabricated in integrated circuit form and pref- 
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erably will contain a multiple of four channels in each 
beamformer chip. Four, eight, or sixteen channel beam- 
former chips may readily be employed for most large 
element count arrays. The preferred beamformer is a 
sampled data beamformer which may use either sam- 5 
pled analog or digital technology. In either case each 
channel of the beamformer includes an initial quantizing 
stage 31 followed by a delay line stage 32. The outputs 
of the delay line stages are coupled to a summing circuit 
320 which combines the delayed echo signals to form 
the receive beam. The four channel beamformer illus- 
trated in FIGURE 3 includes four quantizing stages Q lt 
Q 2 , Q 3 , and Q 4 followed by four delay line stages DL^ 
DL 2 , DL 3 , and DL 4 . The coherent echo signals at the 
output of the summing circuit 320 are coupled to the ul- 
trasound system 30 for image processing and display. 
[0016] When the receive beamformer is of the sam- 
pled analog variety the quantizing stages comprise 
sample-and-hold circuits which sample the received 
echo signals at times indicated by the transmit and tim- 
ing circuitry 300. The sampled analog signal voltages 
are then appropriately delayed by charge coupled de- 
vice (CCD) bucket brigade delay lines as the delay line 
stages. The delay time is controlled by the transmit and 
timing circuitry 300 in any of several ways. One is to se- 
lect one of a plurality of input taps to the CCD delay line 
to which the sampled voltage is applied. Another is to 
select one of a plurality of output taps from the stages 
of the CCD delay line to the summing circuit 320. In ei- 
ther case the selection of the tap will select the number 
of stages through which the voltage sample will be shift- 
ed and hence delayed. A third delay technique is to vary 
the frequency at which samples^are shifted through the 
CCD stages: a lower frequency imparts a longer delay 
to the samples being shifted. The summed output sig- 
nals may be digitized by an analog to digital converter 
in the probe and transmitted to the ultrasound system 
30 in digital form, or the analog signals may be trans- 
mitted to the ultrasound system 30 and converted into 
digital echo samples in the ultrasound system. The latter 
approach would require only a single output signal con- 
ductor in the cable 20. 

[0017] When the receive beamformer is a digital 
beamformer, the quantizing stages comprise analog to 
digital converters which convert the per element analog 
signals to digital samples at sampling times indicated by 
the transmit and timing circuitry 300. The digital echo 
samples are then digitally delayed by a digital delay line 
which can take the form of a random access memory, 
shift register, or digital FIFO register. The delay of each 
digital delay stage is controlled by the transmit and tim- 
ing circuitry 300 which controls the write-read interval of 
a sample in memory or the shift frequency of a shift reg- 
ister or FIFO register. The delayed samples at the out- 
puts of the digital delay lines are digitally summed and 
forwarded to the ultrasound system 30. 
[0018] A digital beamformer suitable for use in the 
probe of FIGURE 3 is shown in block diagram form in 



FIGURE 4. This drawing shows one section 16a of a 
beamformer integrated circuit 16. There are eight such 
sections on the beamformer I.C. to provide beamform- 
ing of the signals of eight transducer elements from the 
multiplexer/demultiplexer 18. Each echo signal from the 
multiplexer/demultiplexer is coupled to the input of an 
A/D converter 310, where the echo signals are convert- 
ed to digital data. The A/D converters are located on the 
same integrated circuit as the beamformer itself, which 
minimizes the external connection pins of the integrated 
circuit. Only one analog input pin is required for each 
beamformer channel, and only one set of digital output 
pins is required for the coherently summed output sig- 
nal. The digital data from the A/D converter for each el- 
ement (or each pair or group of elements in a folded or 
coarse aperture) is shifted into a first in, first out (FIFO) 
register 312 by a clock signal A/D CLK. The A/D CLK 
signal is provided by a dynamic focus controller 314 
which defers the start of the clock signal to provide an 
initial delay, then controls the signal sampling times to 
provide dynamic focusing of the received echo signals. 
The length of the FIFO register 31 2 is determined by the 
transducer center frequency, the aperture size, the cur- 
vature of the array, and the beam steering requirement. 
A higher center frequency and a curved array will reduce 
the steering delay requirement and hence the length of 
the FIFO register, for instance. The delayed echo sig- 
nals from the FIFO register 312 are coupled to a multi- 
plier 316 where the echo signals are weighted by dy- 
namic weight values provided by a dynamic weight con- 
troller 31 8. The dynamic weight values weight the echo 
signals in consideration of the effects of the number of 
active elements, the position of an element in the aper- 
ture, and the desired apodization function, as the aper- 
ture expands by the inclusion of additional outer ele- 
ments as echoes are received from increasing depths 
along the scanline. The delayed and weighted echo sig- 
nals are then summed with appropriately delayed and 
weighted echo signals from other elements and echo 
signals from any other delay stages which are coupled 
in cascade through a summer 320. The beamformed 
echo signals, together with synchronous overflow bits, 
are produced as output scanline data on an RF data bus. 
Accompanying each sequence of scanline echo signals 
is identifying information provided by an RF header se- 
quencer on the I.C, which identifies the type of scanline 
data being produced. The RF header can identify the 
scanline as B mode echo data or Doppler data, for in- 
stance. 

[001 9] Other digital and sampled data storage devic- 
es can be used to provide the beamformer delays, if de- 
sired. A dual ported random access memory can be 
used to store the received digital echo samples, which 
are then read out from the memory at times or in se- 
quences which provide the desired delay for the signals 
from the transducer elements. 
[0020] Each section 16a of the beamformer I.C. in- 
cludes transmit control circuits 302-308 for four trans- 
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ducer elements of the array. The eight sections of the I. 
C. thus provide transmit control for 32 elements of the 
array at the same time, thereby determining the maxi- 
mum transmit aperture. The transmit control circuits pro- 
duce waveforms of predetermined durations and perio- 
dicities which activate multiplexer pulsers at the appro- 
priate times to produce a transmitted acoustic signal 
which is steered in the desired direction and focused at 
the desired depth of focus. 

[0021] The beamformer I.C. 16 includes a common 
control section 330 which provides overall control for the 
transmission and receive functions of the eight beam- 
former channels on the I.C. The control section 330 is 
controlled by and receives data under control of the sys- 
tem controller 38 located in the ultrasound system 30. 
The control data tables for a particular image frame are 
stored in memory in the ultrasound system and are load- 
ed into the control section 330 under command of the 
system controller. The control section 330 includes a 
number of sequencers for the probe 1 s transmit and re- 
ceive functions. The frame sequencer 332 produces in- 
formation used by other sequencers which identifies the 
type of image frame which is to be produced. The frame 
sequencer may, for example, be loaded with data that 
defines the next frame as B mode scanlines inter- 
spersed between groups of four Doppler scanlines, and 
that the sequence of scanlines will be all odd numbered 
scanlines followed by all even numbered scanlines. This 
information is supplied to the line sequencer 334, which 
controls the timing required to acquire the desired scan- 
lines. During the scanline acquisition the line sequencer 
controls the TGC sequencer 336 so that it will produce 
the desired sequence of TGC control data. The TGC 
control data from the TGC sequencer is converted to a 
voltage signal by a digital to analog converter (DAC) 338 
and applied to the TGC control input terminal(s) of the 
multiplexer/demultiplexer 18. The address sequencer 
342 controls the loading of data for a new scanline into 
various realtime registers of the beamformer such as the 
registers of the TGC sequencer, the dynamic focus 314 
and dynamic weight controllers 318, and the serial bus 
sequencer 340, which produces serial data on a serial 
bus for control registers of the multiplexer/demultiplexer 
18. All registers on the beamformer I.C. which perform 
real time functions are double buffered. The registers of 
the transmit/receive multiplexer/demultiplexer 1 8 are al- 
so double buffered so that control data for multiplexing 
and TGC control can be put on the serial bus and loaded 
into multiplexer/demultiplexer registers during the line 
preceding the scanline for which the control data is 
used. 

[0022] The beamformer I.C. includes in its control 
section a clock generator 350 which produces a plurality 
of synchronous clock signals from which all operations 
of the probe are synchronized. A crystal oscillator (not 
shown) is coupled to the beamformer I.C. 16 to provide 
a basic high frequency such as 60 MHz from which all 
of the clock signals of the probe may be derived. 



[0023] Further details on the operation of the beam- 
former I.C. and its sequencers may be found in U.S. Pat. 
5,817,024. 

[0024] A transmit/receive multiplexer I.C, suitable for 
5 use as multiplexer/demultiplexer 1 8 in the probe of FIG- 
URE 3, is shown in FIGURE 5. The signal paths of the 
multiplexer I.C. 18A are divided into four identical sec- 
tions S1 , S2, S3, and S4. In this drawing section S 1 is 
shown in internal detail. The section S 1 includes two 2: 
10 1 transmit multiplexers 408 and 410, each of which is 
responsive to a pulser signal on one of eight Transmit 
In lines. Each 2:1 transmit multiplexer has two outputs 
which drive pulsers 402, 404, and 414, 416, the outputs 
of which are coupled to multiplexer I.C. pins to which 
15 transducer elements are connected. In the illustrated 
embodiment the 2:1 transmit multiplexer 408 is coupled 
to drive either element 1 or element 65, and the 2:1 
transmit multiplexer 410 is coupled to drive either ele- 
ment 33 or element 97. The 2:1 transmit multiplexers of 
the other sections of the multiplexer I.C. 18A are each 
similarly coupled to four transducer elements. With a 
separate pulser for each transducer element, the multi- 
plexer I.C. 18A can independently and simultaneously 
drive eight of the sixteen transducer elements to which 
it is connected. 

[0025] The transducer element pins to which the 
pulsers of each section are coupled are also coupled to 
the inputs of a 4:1 receive multiplexer and switch 412. 
When the pulsers are driving the transducer elements 
during ultrasound transmission, a signal on a Transmit 
On line which is coupled to all of the 4:1 Receive Multi- 
plexers and Switches on the multiplexer I.C. switches 
them all into a state which presents a high impedance 
to the high voltage drive pulses, thereby insulating the 
rest of the receive signal paths from these high voltage 
pulses. All of the 4:1 receive multiplexers and switches 
of the multiplexer I.C. are also coupled to a Receive Test 
pin of the multiplexer I.C, by which a test signal can be 
injected into the receive signal paths and propagate 
through the receiver system. During echo reception 
each 4:1 receive multiplexer and switch couples the sig- 
nals of one of the four transducer elements to which it 
is coupled to a 1 :16 multiplexer 418 by way of a first 
TGC stage 422. The gain of the first TGC stages on the 
multiplexer I.C is controlled by a voltage applied to a 
TGC1 pin of the multiplexer I.C. which, in a constructed 
embodiment, comprises two pins for application of a dif- 
ferential control voltage. The 1 :16 multiplexers of each 
section of the multiplexer I.C each route received echo 
signals to one of the sixteen lines of a Sum Bus 440. 
Two of the sixteen Sum Bus lines are shown at the right 
side of the drawing, and are coupled to filter circuits 222. 
The filtered bus signals are coupled to input pins leading 
to two second TGC stages 424 and 426, the gain of 
which is controlled by the voltage applied to one or two 
TGC2 pins. The outputs of these second TGC stages in 
the illustrated embodiment are connected to output pins 
leading to channels of the probe' s beamformer I.C 
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[0026] The multiplexer I.C. 1 8A also includes a control 
register 430 which receives control signals over a serial 
bus from the beamformer I.C. The control register dis- 
tributes control signals to all of the multiplexers of the 
multiplexer I.C. as shown by the Ctrl, input arrows. 
[0027] Constructed embodiments of the multiplexer 
and beamformer I.C.s will have a number of pins for sup- 
ply and bias voltages and ground connections and are 
not shown in the drawings. 

[0028] it will be appreciated that only a few conductors 
are needed in the probe cable in the embodiments of 
FIGURES 2-5 since the numerous conductors for indi- 
vidual transducer elements are replaced by conductors 
for the beamformer control data, the beamformed output 
signals and supply voltages for the transducer, beam- 
former and multiplexer I.C.s. A typical CCD embodiment 
can require a conductor for the CCD beamformer output 
signals, a serial data line providing control data from the 
ultrasound system to the transmit and timing circuitry 
300, DC supply voltages and reference conductors for 
the beamformer and multiplexer I.C.s, and a drive volt- 
age as required to drive the piezoelectric material during 
ultrasound transmission. The digital beamformer em- 
bodiment would replace the CCD output conductor with 
a number of conductors equal to the number of bits in a 
beamformed data word (for parallel transmission) or a 
serial data line if the beamformed words are being sent 
to the ultrasound system as serial data. Parallel output 
data, while requiring more conductors in the cable, af- 
fords a worthwhile improvement in axial resolution and 
eliminates the need for a serial to parallel converter in 
the ultrasound system. 

[0029] The present inventors have discovered that 
since an ultrasound probe of the present invention is 
producing beamformed scanline samples as output sig- 
nals rather than individual signals from a large number 
of transducer elements, the volume of data produced by 
the probe is at a level which will permit wireless trans- 
mission of the probe' s output signals to the ultrasound 
system. A transmitter bandwidth of 4 M bits per second 
is sufficient to transfer ultrasound images without com- 
pression at a frame rate of nearly 1 5 Hz, suitable for real 
time image display. I.C. transmitter bandwidths today 
are in the range of 1 1 MBPS, and are expected to be in 
the range of 25 MBPS in a few years. Additionally, by 
the use of data compression, the number of bits per B 
mode ultrasound image, around 250,000 bits per image, 
can be reduced with minimal decrease in image quality 
by data compression factors ranging from 4 to 20, af- 
fording greater frame rates. An embodiment of the 
present invention which provides this cable-less con- 
nection to an ultrasound system is shown in FIGURES 
6a and 6b. 

[0030] In FIGURE 6a the probe of FIGURE 3 includes 
several additional elements coupled to the beamformer 
1 6, a digital signal processor 52 which performs filtering 
and detection, a compression/decompression circuit 
(CODEC 54) which compresses the beamformed data, 



a double buffered frame store 56, and a transceiver 50 
which communicates with a similar transceiver in the ul- 
trasound system 30. These elements are operated un- 
der control of a microcontroller 200 which controls the 

5 processing and transmission of data to and from the ul- 
trasound system. Useful as microcontrollers are proc- 
essors such as the Intel 80186 processor and compa- * 
rable contemporary processors available from vendors 
such as Hitachi and Intel. The transceiver 50 receives 

10 control data from the ultrasound system to control the 
type of ultrasound image being produced, such as a B 
mode or Doppler image, and the size of a Doppler win- 
dow in a colorflow image, for instance. As this control 
data is received it is coupled to the transmit and timing 

15 circuitry 300 to control the scanning performed by the 
probe. 

[0031] The scanline data produced by the summer 
320 is coupled to the digital signal processor 52 which 
performs filtering and, optionally, detection. The DSP 52 

20 can also perform Doppler processing as described in the 
aforementioned U.S. Pat. number 5,81 7,024. The filter- 
ing performed can be either lowpass or bandpass filter- 
ing which removes sampling frequency signal compo- 
nents from the beamformed signals. Preferably this fil- 

25 tering is implemented by multiplier-accumulators per- 
forming quadrature bandpass filtering (QBPs). As de- 
scribed in U.S. patent number 6,050,942, such an im- 
plementation advantageously performs three functions: 
bandlimiting the beamformed signals, separating the 

30 signals into quadrature (I and Q) pairs, and decimating 
the sampling rate. In a preferred embodiment the trans- 
ducer signals are oversampled by the quantizing stages 
of the beamformer in relation to the Nyquist criterion. 
Oversampling permits the filtering of the beamformed 

35 signals by decimation filtering which both imposes a fil- 
ter characteristic on the signals and reduces the data 
rate. The reduced data rate has the benefit of lessening 
the data transfer requirement for the transceiver in a 
wireless probe. 

40 [0032] B mode signals can be detected in the DSP by 
taking the square root of the sum of the squares of the 
I and Q samples. For Doppler signals the I and Q data 
can be wall filtered by the DSP and, through storage of 
a group of received scanlines forming a Doppler ensem- 

45 ble, Doppler frequency estimation can be performed at 
sample volume points along each scanline. The ultra- 
sound signal data may be compressed if desired by the 
CODEC 54 and is stored temporarily in the frame store 
56. At the time when the microcontroller 200 determines 

so that the ultrasound data is to be transmitted to the ultra- 
sound system 30, the data is coupled to the transceiver 
50 for transmission back to the ultrasound system for 
image processing and display. Since image processing 
including scan conversion is performed in the ultra- 

55 sound system, the scanlines are transmitted to the ul- 
trasound system in unscanconverted form, e.g., R-6 for- 
mat. The image processor 34 in the ultrasound system 
converts the R-8 scanline data to the desired display for- 
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mat. 

[0033] Since the cable-less probe of FIGURE 6a does 
not receive power by the usual cable, the probe must 
be battery powered. A battery and power distributor sub- 
system 60 is shown as a component of the probe. The 
subsystem 60 preferably uses rechargeable lithium ion 
batteries and produces supply voltages for the circuitry 
and transceiver of the probe and the requisite excitation 
voltage for the piezoelectric elements of the transducer 
array. Techniques for recharging the battery from the ul- 
trasound system are described in US patent number 
6,117,085. 

[0034] The ultrasound system 30 of FIGURE 6b in- 
cludes a transceiver 50 for the transmission of scan con- 
trol data to the probe of FIGURE 6a and for the reception 
of ultrasonic image data from the probe. The scan con- 
trol data is provided to the system transceiver 50 by the 
system controller 38. The received image data bypass- 
es the beamformer 32 in the ultrasound system since it 
has already been beamformed in the probe, and is ap- 
plied directly to the image processor 34 for image 
processing and display. 

[0035] Transceiver configurations suitable for use in 
the probe of FIGURE 6a are shown in FIGURES 7a and 
7b. In the transceiver of FIGURE 7a an interface section 
506 synchronizes and interfaces beamformer data for 
transmission, and likewise interfaces received beam- 
former control data for the transmit and timing circuitry 
300. Beamformer data which is to be transmitted is cou- 
pled to a UHF transmitter 502 which modulates the data 
and couples an r.f. transmit signal by way of a bandpass 
filter 512 to an antenna 514 where the signal is trans- 
mitted. Received r.f. signals are filtered by the bandpass 
filter 512 and coupled to an RF receiver section 504 
where the signals are amplified and coupled by a band- 
pass filter 508 to an IF & baseband receiver section 51 0 
where the signals are demodulated and detected. The 
received signals are coupled by the interface section 
506 to the control circuitry for the beamformer 16. Op- 
eration of the separate sections of the transceiver of 
FIGURE 7a is controlled by control signals and com- 
mands from the microcontroller 200. 
[0036] An alternate transceiver configuration is 
shown in FIGURE 7b. In this arrangement beamformer 
data is applied to a baseband processor 520 which syn- 
chronizes and formats packets of beamformer data for 
transmission. The beamformer data is modulated by a 
quadrature IF modulator/demodulator 522 and the mod- 
ulated data is coupled to an RF/IF converter & frequency 
synthesizer 524 which produces a low level r.f. signal. 
The r.f. signals are amplified and coupled by an RF pow- 
er amplifier and transmit/receive switch 528 to band- 
pass filter 512 and antenna 514. Received control sig- 
nals are filtered by the bandpass filter 512 and coupled 
and amplified by the RF power amplifier and transmit/ 
receive switch 528 to a low noise amplifier 526. The re- 
ceived and amplified r.f. signals are demodulated to in- 
termediate frequency signals by the RF/IF converter & 



frequency synthesizer 524 and further demodulated to 
baseband by the quadrature IF modulator/demodulator 
522. The baseband signals are sampled and interfaced 
to other probe components by the baseband processor 
5 520 where the received signals control the transmission 
and timing of the probe' s transducer array 1 2. 
[0037] Components suitable for use in the transceiver 
configuration of FIGURE 7a are available from Telefunk- 
en Semiconductors of Germany, including the TEMIC 
U4311B-C RF transmitter I.C. and associated compo- 
nents. Components suitable for use in the transceiver 
configuration of FIGURE 7b are available from Harris 
Semiconductor of Melbourne, Florida, USA including 
components of the Harris Prism™ wireless chip set, 
which are suitable for use in spread spectrum applica- 
tions in the range of 2.4GHz in keeping with the 
IEEE802.11 standards and with data throughputs cur- 
rently up to 11 MB/sec. Spread spectrum technology is 
desirable for a wireless probe because the radiated en- 
ergy is spread over a broad frequency range, reducing 
possible interference with other devices in the medical 
environment. Such transmission can be safely used 
near pacemakers and other sensitive medical devices. 
[0038] The same transceiver configurations can be 
used in the ultrasound system 30 of FIGURE 6b, with 
appropriate reversal of the transmitted and received da- 
ta paths. 

[0039] Another transmitter-receiver configuration 
suitable for use in the probe and ultrasound system of 
FIGURES 6a and 6b is shown in FIGURES 7c and 7d, 
which illustrate further details of useful compression 
techniques. This configuration is capable of implement- 
ing several compression schemes, including JPEG, 
MPEG and wavelet compression techniques. JPEG is 
an intraframe compression technique which operates 
on the image data of a single image. In JPEG compres- 
sion an image is divided into numerous blocks of image 
data which undergo a cosine transformation to produce 
coefficient data. The coefficient data is quantized and 
encoded by a Huffman code to produce encoded image 
coefficient data. MPEG is an interframe technique which 
operates on sequential image frames. The changes in 
image data from frame to frame are encoded by motion 
compensated predictive coding, and the coded change 
data is used to reconstruct an updated image from a pre- 
vious image by applying changes from one frame to the 
next. 

[0040] Intraframe and interframe compression can be 
implemented using wavelet techniques. In intraframe 
wavelet compression the image data is divided into two 
dimensional blocks of data which undergo complemen- 
tary highpass and low pass filtering in various combina- 
tions, producing coefficient data. The wavelet coeffi- 
cients are then quantized and encoded to accomplish 
various degrees of compression. Higher compression 
ratios can be achieved by the use of interframe wavelet 
transformation on a sequence of images. In interframe 
wavelet compression the complementary wavelet filters 
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operate on the image sequence in both spatial and tem- 
poral dimensions. The three dimensional image data is 
filtered, quantized and encoded. To decode the com- 
pressed image, the encoded data is processed using a 
technique which is the inverse of the encoding process 
such that the encoded data can be reconstructed into 
an image or an image sequence. These techniques can 
yield data compression ranging from 2-4:1 for JPEG 
compression to 100:1 for spatial-temporal wavelet com- 
pression, thereby significantly reducing the data 
throughput required of the transmission system. 
[0041] In most ultrasonic imaging systems the image 
data lines are acquired relatively sparsely in relation to 
the image spatial dimensions when higher image rates 
arc employed, which are limited by the velocity of sound 
in tissue. For example 128 lines may be acquired over 
a 90° sector image. To form a completely filled out im- 
age, missing image data is interpolated between the ac- 
quired image lines. Generally such interpolated data is 
added during the scan conversion process. The inter- 
polated image data carries little new information since 
they are derived from the acquired image data. Hence, 
for a wireless probe, it is preferable to transmit image 
data prior to scan conversion and interpolation in order 
to minimize the required transmission bandwidth re- 
quired. With data compression the bandwidth require- 
ments can be even further reduced. 
[0042] In FIGURE 7c image data from the beamform- 
er 16, which may be filtered and detected data, is tem- 
porarily stored in an uncoded image memory 530. The 
memory 530 holds all of the image lines of an image 
frame so that the compression technique can operate 
on a full frame of image data. The image data is then 
encoded by an image CODEC 532 which performs the 
coding of the selected compression technique. The im- 
age CODEC 532 may perform intraframe spatial encod- 
ing for JPEG compression, interframe or intraframe spa- 
tial encoding for MPEG compression, or interframe or 
intraframe spatial and temporal encoding for wavelet 
compression. The coefficients resulting from JPEG 
compression or data encoded by one of the other tech- 
niques is stored in a coded image memory 534. The cod- 
ed data then undergoes final compression processing 
in a source CODEC 536. For JPEG compression this 
processing would include quantizing the coefficient data 
and source encoding by conversion of the coefficients 
into Huffman code. The compressed data then under- 
goes spread spectrum processing in a spread spectrum 
interface 538 which performs frequency domain or time 
domain spread spectrum processing. In this processor 
the compressed data is divided by frequency or time di- 
vision into data transmission units. The spread spec- 
trum data is modulated onto a carrier signal by a mod- 
ulator 537 which performs superhetrodyne modulation 
of the data to be transmitted. The modulated data is 
transmitted from an antenna 514 by an RF transmitter 
550. 

[0043] FIGURE 7d shows the elements of the receiv- 



ing and decompression processor in the ultrasound sys- 
tem 30, where the modulation and compression of the 
transmitter is reversed. RF signals received by an an- 
tenna 51 4 are amplified by a low noise amplifier 552 and 
5 demodulated by an RF/IF demodulator 554. The de- 
modulated signals are converted to digital data by and 
A/D converter 556 and coupled to a baseband proces- 
sor 548. The baseband processor reconstructs the 
spread spectrum produced by the spread spectrum in- 

10 terface 538 of the transmission sequence. The recon- 
structed spectrum data is coupled to a source CODEC 
546, which in the case of JPEG compression performs 
Huffman code decoding, the inverse of the source CO- 
DEC 536. Alternately, the source CODEC performs the 

15 inverse of the source CODEC processing for the other 
compression techniques. The data produced by the 
source CODEC is temporarily stored in a coded image 
memory 544 and is then applied to an image CODEC 
542. The CODEC 542 performs the inverse operation 

zo of the image CODEC 532 and decodes the coefficient 
data or other encoded data stored in the coded image 
memory, restoring the original image data. The image 
data is stored in a decoded image memory 540, from 
which it is coupled to the image processor 34 of the ul- 

25 trasound system 30 for further processing and display. 
[0044] It will be understood that for duplex operation 
both the probe and the ultrasound system will perform 
both transmission and reception and hence will perform 
all of the operations of FIGURES 7c and 7d. 

30 [0045] It will be appreciated that a free-running, un- 
synchronized probe can also be constructed in accord- 
ance with the present invention, whereby the transmit 
and timing circuitry of the probe executes one or more 
control sequences stored in the probe. A user would turn 

35 on the power of the probe and then select by buttons or 
switches on the probe the desired scanning sequence 
if more than one were available. The transceiver of the 
probe 10 could then operate as simply a transmitter, 
continually transmitting the image data back to the ul- 

40 trasound system for processing and display until the 
probe were either de-selected or turned off. Such an ar- 
rangement would require only a one-way transmission 
path between the probe and the ultrasound system, as 
control data would not be transmitted from the ultra- 

45 sound system. While affording a degree of simplicity in 
design, such an arrangement limits the user* s ability to 
control scanning to that which is available from the con- 
trols located on the probe itself. Controls which are op- 
erated on the ultrasound system, such as the setting of 

so multiple focal zones next to the displayed image or the 
placement of a desired Doppler window on a colorflow 
image, would not be effective in a one-way transmission 
embodiment. To make full use of the user interface (con- 
trols) of the ultrasound system and to minimize the con- 

55 trol complexity of the probe, two-way communication is 
preferred, either simplex operation whereby the probe 
and ultrasound system alternately communicate with 
each other in a sequential fashion, or full duplex opera- 
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tion whereby the probe and ultrasound system can con- 
tinuously communicate with each other simultaneously. 
[0046] Another capability which two-way communica- 
tion provides is the ability to regulate the transmitted 
power expended by the probe, a useful feature for a bat- 
tery powered device. The strength of the signals re- 
ceived from the probe by the ultrasound system is meas- 
ured and transmit level control signals sent back to the 
probe from the ultrasound system in a wireless feedback 
arrangement. These feedback signals instruct the probe 
to increase or decrease its radiated energy in accord- 
ance with the quality of the signals received from the 
probe and the distance between the probe and system 
receiver. Thus, the probe transceiver will transmit sig- 
nals which are minimally sufficient for high quality re- 
ception by the ultrasound system over the distance be- 
tween the probe and the system receiver, thereby min- 
imizing the use of battery power by the probe transceiv- 
er. A similar feedback arrangement from the probe to 
the ultrasound system can be used by the ultrasound 
system to minimize its radiated energy and hence the 
risk of r.f . electrical interference with other devices in the 
medical environment. 

[0047] The ultrasonic image data that is transmitted 
from the probe to the ultrasound system can be trans- 
mitted in packets, or blocks of data, which are preceded 
and followed by headers and trailers providing informa- 
tion concerning the characteristics of the ultrasound da- 
ta. Preferably the transmitted data is grouped into se- 
quences of scanline data, and a plurality of scanlines for 
an image frame are transmitted in a sequence which is 
preceded and followed by frame headers and trailers. 
The transmitted data may also be accompanied by com- 
munication protocol headers and trailers identifying the 
transmission format. The header information may in- 
clude information identifying the probe, the type of com- 
pression employed in the transmission, and operating 
data such as probe temperature and other safety infor- 
mation. Such formatting protocols for a cordless scan- 
head are described more fully in US patent number 
6,113,547. 

[0048] Assembly drawings for a cordless ultrasound 
probe are shown in FIGURES 8a, 8b, 9a, 9b, 9c and 9d. 
FIGURES 8a and 8b are side and plan views, respec- 
tively, of the inner components of a cordless ultrasound 
probe. Two printed circuit boards 82 and 84 are connect- 
ed in a parallel sandwich arrangement as shown in FIG- 
URE 8a. The integrated circuits 18 for the multiplexer 
and for the beamformer 16 are mounted on the printed 
circuit boards. A transducer array module 12 is mounted 
at one end of the printed circuit boards and the elements 
of the array are connected to the multiplexer I.C.s. The 
number of multiplexer and beamformer I.C.s used will 
be determined by the number of elements of the trans- 
ducer array and the desired active aperture during trans- 
mission and reception. For example, eight multiplexer I. 
C.s may be used for a 128 element array when each 
multiplexer I.C. is capable of connecting to sixteen ele- 



ments as is the multiplexer I.C. of FIGURE 5. Eight 
beamformer I.C.s, each with eight receive channels, 
may be used when a 64 channel receive beamformer is 
desired. Behind the multiplexer and beamformer I.C.s 
5 in FIGURE 8b are the transceiver and power distribution 
circuits 50 and 62. 

[0049] The assembled printed circuit boards and 
transducer module are mounted in a case 80, one half 
of which is shown in FIGURE 9a. The lower end of the 

10 case in the drawing has a separate cap piece (not 
shown) which fits over the transducer array module and 
forms an acoustic window in front of the array. The print- 
ed circuit board is connected to a battery 64 which is 
located in the upper end (back) of the case 80. The ter- 

15 minals of the battery 64 are connected to external charg- 
ing contacts 92 which are flush mounted on each side 
of the case 80 as shown in the plan view of FIGURE 9a 
and the side view of FIGURE 9b. Alternatively, the probe 
may employ internal charging contacts, here shown as 

20 spring contacts 94 in FIGURE 9a. Access to the spring 
contacts may be by a movable cover or door over each 
spring contact, but in FIGURES 9a and 9b access to the 
spring contacts is provided by two rubber gaskets 96, 
one of which is shown in FIGURE 9d. Each gasket has 

25 a self-sealing slit 98 through which battery charging pins 
may be inserted to access the spring contacts 94. As 
the battery charging pins force their way through the slits 
in the gaskets, a wiping action takes place to wipe away 
any excessive gel or other substances which may be 

30 present on the charging pins, thereby leaving the gel 
and other contaminants on the outside of the probe. 



Claims 

35 

1. An ultrasonic probe for wirelessly communicating 
with an ultrasonic diagnostic imaging system (30) 
for display of ultrasonic information acquired by said 
ultrasonic probe, comprising: 

40 

a multielement transducer array (12); 
a receive beamformer (16), coupled to said 
transducer array (12), which selectively com- 
bines echo signals received by elements of said 
45 transducer array (1 2) to form beamformed echo 

signals; 

a wireless transmitter (50), coupled to the re- 
ceive beamformer for transmitting beamformed 
echo signals to a wireless receiver comprised 
so within said ultrasonic diagnostic imaging sys- 

tem (30). 

2. The ultrasonic probe of Claim 1 comprising: 

55 transmit timing circuitry (300) coupled to said 

transducer array (12) to control the transmis- 
sion of electronically steered and/or focused ul- 
trasound beams by said transducer array. 
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3. The ultrasonic probe of Claim 1 , wherein said ultra- 
sonic diagnostic imaging system (30) further in- 
cludes a display (36) for displaying ultrasonic imag- 
es formed from the beamformed signals transmitted 
by said wireless transmitter (50). 

4. The ultrasonic probe of Claim 1 , wherein said wire- 
less transmitter (50) comprises an r.f. transmitter 
(502), and wherein said wireless receiver compris- 
es an r.f. receiver. 

5. The ultrasonic probe of Claim 2, wherein said ultra- 
sonic diagnostic imaging system further includes a 
probe control (38) for controlling ultrasonic scan- 
ning by the ultrasonic probe, and wherein said 
probe further comprises: 

a wireless receiver which receives scanning 
control signals from said ultrasonic diagnostic 
imaging system in response to operation of said 
ultrasonic probe control (38) for operation of 
said transmit timing circuitry (300). 

6. The ultrasonic probe of Claim 2, wherein said trans- 
mit timing circuitry controls the transmission of ul- 
trasound beams for B mode or Doppler imaging. 

7. The ultrasonic probe of Claim 2, wherein said trans- 
mit timing circuitry (300) further controls the active 
aperture of said transducer array (12). 

8. The ultrasonic probe of Claim 7, wherein said trans- 
mit timing circuitry further includes a multiplexer 
(18) coupled to the elements of said transducer ar- 
ray. 

9. The ultrasonic probe of Claim 1, wherein said re- 
ceive beamformer further includes a weighting cir- 
cuit for applying a desired apodization function to 
received echo signals. 

10. The ultrasonic probe of Claim 1 , further comprising 
time gain control (TGC) circuitry for applying a gain 
function to received echo signals as a function of 
depth from which said echo signals are received. 

11. The ultrasonic probe of Claim 1, wherein said 
beamformer comprises a sampled data beamform- 
er. 

12. The ultrasonic probe of Claim 11, wherein said 
beamformer comprises a CCD beamformer. 

13. The ultrasonic probe of Claim 11, wherein said 
beamformer comprises a digital beamformer. 

14. The ultrasonic probe of Claim 1 , wherein said wire- 
less transmitter has a transmitter bandwidth of at 



least4MBPS. 

15. The ultrasonic probe of Claim 14, wherein said wire- 
less transmitter has a transmitter bandwidth of at 

5 least 11 MBPS. 

16. The ultrasonic probe of Claim 1 , wherein said wire- 
less transmitter includes a superhetrodyne modu- 
lator. 

w 

17. The ultrasonic probe of Claim 1 , further comprising 
a digital signals processor for performing one or 
more of: bandlimiting echo signal information; sep- 
arating echo signals into quadrature signals; and 

15 decimating the sampling rate of echo signal infor- 
mation. 

18. The ultrasonic probe of Claim 1 , further comprising 
a detector for detecting B mode echo information. 

20 

19. The ultrasonic probe of Claim 1, wherein said 
beamformed echo signals are transmitted as un- 
scanconverted scanlines; and wherein said ultra- 
sonic diagnostic imaging system includes a scan 

25 converter for converting said scanlines to a desired 
image format. 

20. The ultrasonic probe of Claim 1 , wherein said wire- 
less transmitter comprises a UHF transmitter. 

30 

21. The ultrasonic probe of Claim 1 , wherein said wire- 
less receiver within the ultrasonic diagnostic imag- 
ing system includes an IF section and a baseband 
section. 

35 

22. The ultrasonic probe of Claim 21 , wherein said wire- 
less receiver within the ultrasonic diagnostic imag- 
ing system includes a quadrature demodulator. 

40 23. The ultrasonic probe of Claim 3, wherein said wire- 
less receiver within the ultrasonic diagnostic imag- 
ing system includes an IF section and a baseband 
section. 

45 24. The ultrasonic probe of Claim 23, wherein said wire- 
less receiver within the ultrasonic diagnostic imag- 
ing system includes a quadrature demodulator. 

25. The ultrasonic probe of Claim 1 , wherein said wire- 
50 less transmitter is a spread spectrum transmitter. 

26. The ultrasonic probe of Claim 1 , wherein said wire- 
less transmitter utilizes an r.f. transmit frequency in 
the range of approximately 2.4GHz. 

55 

27. The ultrasonic probe of Claim 1 , further comprising 
a data compression circuit for compressing the 
beamformed echo signals prior to their transmis- 
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sion by said wireless transmitter. 

28. The ultrasonic probe of Claim 27, wherein said data 
compression circuit uses one of JPEG, MPEG or 
wavelet compression techniques. 

29. The ultrasonic probe of Claim 2, wherein said probe 
further includes a data storage device for storing a 
transmit control sequence, 

wherein said transmit timing circuitry exe- 
cutes said stored transmit control sequence to con- 
trol the transmission of ultrasound beams by said 
transducer array. 

30. The ultrasonic probe of Claim 1, wherein said wire- 
less transmitter includes a regulator which regu- 
lates the transmitted power as a function of either 
the quality of signals received by said ultrasonic di- 
agnostic imaging system or the distance between 
said ultrasonic probe and said ultrasonic diagnostic 
imaging system. 



Patentanspruche 

1. Ultraschallsonde fur die drahtlose Kommunikation 
mit einem diagnostischen bildgebenden Ultra- 
schallsystem (30) zur Anzeige von Ultraschallinfor- 
mationen, die von der genannten Ultraschallsonde 
erfasst wurden, wobei die Ultraschallsonde Folgen- 
des umfasst: 

eine Mehrelemente-Wandleranordnung (12), 
einen mit der genannten Wandleranordnung 
(12) gekoppelten Empfangsstrahlformer (16), 
der von Elementen der genannten Wandleran- 
ordnung (12) empfangene Echosignale selek- 
tiv kombiniert, urn strahlgeformte Echosignale 
zu bilden, 

einen mit dem Empfangsstrahlformer gekop- 
pelten, drahtlosen Sender (50) zum Ubertragen 
strahlgeformter Echosignale an einen drahtlo- 
sen Empfanger, der in dem genannten diagno- 
stischen bildgebenden Ultraschallsystem (30) 
enthalten ist. 

2. Ultraschallsonde nach Anspruch 1 , die Folgendes 
umfasst: 

Sende-Zeitsteuerungsschaltung (300), gekop- 
pelt mit der genannten Wandleranordnung 
(12), urn die Ubertragung elektronisch gelenk- 
ter und/oder fokussierter Ultraschallstrahlen- 
bundel durch die genannte Wandleranordnung 
zu steuern. 

3. Ultraschallsonde nach Anspruch 1 , wobei das ge- 
nannte diagnostische bildgebende Ultraschallsy- 



stem (30) weiterhin eine Anzeige (36) zum Anzei- 
gen von Ultraschallbildern enthalt, die anhand der 
vom genannten drahtlosen Sender (50) ubertrage- 
nen strahlgeformten Echosignale gebildet wurden. 

4. Ultraschallsonde nach Anspruch 1, wobei der ge- 
nannte drahtlose Sender (50) einen HF-Sender 
(502) umfasst, und wobei der genannte drahtlose 
Empfanger einen HF-Empfanger umfasst. 

5. Ultraschallsonde nach Anspruch 2, wobei das ge- 
nannte diagnostische bildgebende Ultraschallsy- 
stem weiterhin eine Sondensteuereinheit (38) zum 
Steuern der Ultraschallabtastung durch die Ultra- 
schallsonde enthalt, und wobei die genannte Sonde 
weiterhin Folgendes umfasst: 

einen drahtlosen Empfanger, der in Reaktion 
auf den Betrieb der genannten Ultraschallson- 
den-Steuereinheit (38) Abtaststeuersignale 
vom genannten diagnostischen bildgebenden 
Ultraschallsystem fur den Betrieb der genann- 
ten Sende-Zeitsteuerungsschaltung (300) 
empfangt. 

6. Ultraschallsonde nach Anspruch 2, wobei die ge- 
nannte Sende-Zeitsteuerungsschaltung die Uber- 
tragung der Ultraschallstrahlenbundel fur eine 
B-Mode- und Doppler-Bildgebung steuert. 

7. Ultraschallsonde nach Anspruch 2, wobei die ge- 
nannte Sende-Zeitsteuerungsschaltung (300) wei- 
terhin die aktive Apertur der genannten Wandleran- 
ordnung (12) steuert. 

8. Ultraschallsonde nach Anspruch 7, wobei die ge- 
nannte Sende-Zeitsteuerungsschaltung weiterhin 
einen mit den Elementen der genannten Wandler- 
anordnung (12) gekoppelten Multiplexer (18) ent- 
halt. 

9. Ultraschallsonde nach Anspruch 1, wobei der ge- 
nannte Strahlformer weiterhin eine Gewichtungs- 
schaltung enthalt, urn eine gewunschte Apodisie- 
rungsfunktion auf empfangene Echosignale anzu- 
wenden. 

1 0. Ultraschallsonde nach Anspruch 1 , die weiterhin ei- 
ne Zeitverstarkungssteuerungsschaltung (TGC) 
umfasst, urn auf empfangene Echosignale eine Ver- 
starkungsfunktion in Abhangigkeit von der Tiefe an- 
zuwenden, aus der die genannten Echosignale 
empfangen werden. 



55 11. Ultraschallsonde nach Anspruch 1, wobei der ge- 
nannte Strahlformer einen Strahlformer fur abgeta- 
stete Daten umfasst. 
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12. Ultraschallsonde nach Anspruch 11 , wobei der ge- 
nannte Strahlformer einen CCD-Strahlformer urn- 
fasst. 

13. Ultraschallsonde nach Anspruch 11 , wobei der ge- 
nannte Strahlformer einen digitalen Strahlformer 
umfasst. 

14. Ultraschallsonde nach Anspruch 11 , wobei der ge- 
nannte drahtlose Sender eine Senderbandbreite 
von mindestens 4 Mbit/s hat. 

15. Ultraschallsonde nach Anspruch 14, wobei der ge- 
nannte drahtlose Sender eine Senderbandbreite 
von mindestens 11 Mbit/s hat. 

16. Ultraschallsonde nach Anspruch 1, wobei der ge- 
nannte drahtlose Sender einen Superhetrodyne- 
Modulator enthalt. 

17. Ultraschallsonde nach Anspruch 1 , die weiterhin ei- 
nen digitalen Signalprozessor umfasst, urn eine 
Oder mehrere der folgenden Funktionen durchzu- 
fuhren: Begrenzen der Bandbreite von Echosignal- 
informationen, Aufteilen von Echosignalen in Qua- 
dratursignale, und Dezimieren der Abtastrate von 
Echosignalinformationen. 

18. Ultraschallsonde nach Anspruch 1 , die weiterhin ei- 
nen Detektor zum Detektieren von B-Mode-Echoin- 
formationen umfasst. 

19. Ultraschallsonde nach Anspruch 1, wobei die ge- 
nannten strahlgeformten Echosignale als nicht bild- 
rastergewandelte Abtastlinien ubertragen werden, 
und wobei das genannte diagnostische bildgeben- 
de Ultraschallsystem einen Bildrasterwandler zum 
Umwandeln der genannten Abtastlinien in ein ge- 
wunschtes Bildformat beinhaltet. 

20. Ultraschallsonde nach Anspruch 1 , wobei der ge- 
nannte drahtlose Sender einen UHF-Sender um- 
fasst. 

21. Ultraschallsonde nach Anspruch 1, wobei der ge- 
nannte drahtlose Empfanger innerhalb des genann- 
ten diagnostischen bildgebenden Ultraschallsy- 
stems einen ZF-Abschnitt und einen Basisbandab- 
schnitt enthalt. 

22. Ultraschallsonde nach Anspruch 21 , wobei der ge- 
nannte drahtlose Empfanger innerhalb des genann- 
ten diagnostischen bildgebenden Ultraschallsy- 
stems einen Quad raturde modulator enthalt. 

23. Ultraschallsonde nach Anspruch 3, wobei der ge- 
nannte drahtlose Empfanger innerhalb des genann- 
ten diagnostischen bildgebenden Ultraschallsy- 



stems einen ZF-Abschnitt und einen Basisbandab- 
schnitt enthalt. 

24. Ultraschallsonde nach Anspruch 23, wobei der ge- 
5 nannte drahtlose Empfanger innerhalb des genann- 
ten diagnostischen bildgebenden Ultraschallsy- 
stems einen Quad raturde modulator enthalt. 

25. Ultraschallsonde nach Anspruch 1, wobei der ge- 
10 nannte drahtlose Sender innerhalb des genannten 

diagnostischen bildgebenden Ultraschallsystems 
ein Spreizspektrumsender ist. 

26. Ultraschallsonde nach Anspruch 1, wobei der ge- 
15 nannte drahtlose Sender innerhalb des genannten 

diagnostischen bildgebenden Ultraschallsystems 
eine HF-Sendefrequenz im Bereich von etwa 2,4 
GHz verwendet. 

20 27. Ultraschallsonde nach Anspruch 1 , die weiterhin ei- 
ne Datenkomprimierungsschaltung zum Kompri- 
mieren der strahlgeformten Echosignale umfasst, 
bevor sie durch den genannten drahtlosen Sender 
ubertragen werden. 

25 

28. Ultraschallsonde nach Anspruch 27, wobei die ge- 
nannte Datenkomprimierungsschaltung das 
JPEG-, MPEG- oder Wavelet-Komprimierungsver- 
fahren verwendet. 

30 

29. Ultraschallsonde nach Anspruch 2, wobei die ge- 
nannte Sonde weiterhin eine Datenspeicherungs- 
vorrichtung zum Speichern einer Sendesteuerse- 
quenz enthalt, und wobei die genannte Sende-Zeit- 

35 steuerungsschaltung die genannte gespeicherte 
Sendesteuersequenz ausfuhrt, urn das Senden von 
Ultraschallstrahlenbundeln durch die genannte 
Wandleranordnung zu steuern. 

40 30. Ultraschallsonde nach Anspruch 1, wobei der ge- 
nannte drahtlose Sender einen Regulator enthalt, 
der die Sendeleistung als eine Funktion entweder 
der Qualitat der vom genannten diagnostischen 
bildgebenden Ultraschallsystem empfangenen Si- 

45 gnale oder der Distanz zwischen der genannten Ul- 
traschallsonde und dem genannten diagnostischen 
bildgebenden Ultraschallsystem reguliert. 



so Revendications 

1. Sonde ultrasonore pour communiquer sans fil avec 
un systeme d'imagerie diagnostique ultrasonore 
(30) pour afficher une information ultrasonore ac- 
55 quise par ladite sonde ultrasonore, comprenant : 

une matrice de transducteur multi-6lements 
(12); 
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un dispositif recepteur de mise en forme de si- 
gnal de faisceau (1 6) couple a ladite matrice de 
transducteur (12), qui combine selectivement 
des signaux d'echo regus par des elements de 
ladite matrice de transducteur (1 2) pour former 5 
des signaux d'echo mis en forme; 
un emetteur sans fil (50) couple au dispositif de 
mise en forme de signal de faisceau de recep- 
tion pour emettre des signaux d'echo mis en 
forme k un recepteur sans fil compris dans ledit w 
systeme d'imagerie ultrasonore (30). 

Sonde ultrasonore selon la revendication 1, 
comprenant : 

15 

un circuit de synchronisation de transmission 
(300) couple a ladite matrice de transducteur 
(12) pour commander remission de faisceaux 
ultrasonores pilotes et / ou focalises electroni- 
quement par ladite matrice de transducteur. 20 

Sonde ultrasonore selon la revendication 1 , dans 
laquelle le ledit systeme d'imagerie diagnostique ul- 
trasonore (30) comprend en outre un dispositif d'af- 
fichage (36) pour afficher des images ultrasonores 25 
formees a partir des signaux d'echo mis en forme 
emis par ledit emetteur sans fil (50). 

Sonde ultrasonore selon la revendication 1, dans 
laquelle ledit emetteur sans fil (50) comprend un 30 
emetteur RF (502), et dans laquelle ledit recepteur 
sans fil comprend un recepteur RF. 

Sonde ultrasonore selon la revendication 2, dans 
laquelle ledit systeme d'imagerie diagnostique ul- 35 
trasonore comprend en outre une commande de 
sonde (38) pour commander le balayage ultrasono- 
re par la sonde ultrasonore, et dans laquelle ladite 
sonde comprend en outre : 

40 

un recepteur sans fil qui regoit des signaux de 
commande de balayage provenant dudit syste- 
me d'imagerie diagnostique ultrasonore en re- 
ponse au fonctionnement de ladite commande 
de sonde ultrasonore (38), pour le fonctionne- 
ment dudit circuit de synchronisation de trans- 
mission (300). 

Sonde ultrasonore selon la revendication 2, dans 
laquelle ledit circuit de synchronisation de transmis- so 
sion commande remission de faisceaux ultrasono- 
res pour I'imagerie en mode B ou Doppler. 

Sonde ultrasonore selon la revendication 2, dans 
laquelle ledit circuit de synchronisation de transmis- 55 
sion (300) commande en outre I'ouverture active de 
ladite matrice de transducteur (12). 



8. Sonde ultrasonore selon la revendication 7, dans 
laquelle ledit circuit de synchronisation de transmis- 
sion comprend en outre un multiplexeur (1 8) couple 
aux elements de ladite matrice de transducteur. 

9. Sonde ultrasonore selon la revendication 1, dans 
laquelle ledit dispositif de mise en forme de signal 
de faisceau de reception comprend en outre un cir- 
cuit de ponderation pour appliquer une fonction 
d'apodisation souhaitee aux signaux d'echo recus. 

10. Sonde ultrasonore selon la revendication 1, com- 
prenant en outre un circuit de commande de gain 
en fonction du temps (TGC : time gain control) pour 
appliquer une fonction de gain aux signaux d'echo 
recus en fonction de la profondeur de laquelle les- 
dits signaux d'echo sont regus. 

11. Sonde ultrasonore selon la revendication 1, dans 
laquelle ledit dispositif de mise en forme de signal 
de faisceau comprend un dispositif de mise en for- 
me de signal de faisceau a donnees echantillon- 
nees. 

12. Sonde ultrasonore selon la revendication 11, dans 
laquelle ledit dispositif de mise en forme de signal 
de faisceau comprend un dispositif de mise en for- 
me de signal de faisceau a CCD. 

13. Sonde ultrasonore selon la revendication 11, dans 
laquelle ledit dispositif de mise en forme de signal 
de faisceau comprend un dispositif de mise en for- 
me de signal de faisceau numerique. 

14. Sonde ultrasonore selon la revendication 1, dans 
laquelle ledit emetteur sans fil a une bande passan- 
te d'emetteur d'au moins 4 MBPS- 

15. Sonde ultrasonore selon la revendication 14, dans 
laquelle ledit emetteur sans fil a une bande passan- 
te d'emetteur d'au moins 11 MBPS. 

16. Sonde ultrasonore selon la revendication 1, dans 
laquelle ledit 6metteur sans fil comprend un modu- 
lateur superheterodyne. 

17. Sonde ultrasonore selon la revendication 1, com- 
prenant en outre un processeur de signaux nume- 
rique pour effectuer un ou plusieurs parmi : le fait 
de limiter la bande de information de signal d'echo; 
le fait de s^parer des signaux d'echo en signaux en 
quadrature; et le fait de decimer la frequence 
d'6chantillonnage de information de signal d'echo. 

18. Sonde ultrasonore selon la revendication 1, com- 
prenant en outre un detecteur pour detecter une in- 
formation d'echo en mode B. 
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19. Sonde ultrasonore selon la revendication 1, dans 
laquelle lesdits signaux d'echo mis en forme sont 
transmis en figne de balayage non converti, et dans 
laquelle ledit systeme d'imagerie diagnostique ul- 
trasonore comprend un convertisseur de balayage 5 
pourconvertir lesdites lignes de balayage en un for- 
mat d'image souhaite. 

20. Sonde ultrasonore selon la revendication 1 , dans 
laquelle ledit emetteur sans fil comprend un emet- 
teur UHF. 



faisceaux d'ultrasons par ladite matrice de trans- 
ducteur. 

30. Sonde ultrasonore selon la revendication 1 , dans 
laquelle ledit emetteur sans fil comprend un regu- 
lateur qui regie I'energie emise en fonction de soit 
la qualite de signaux recus par ledit systeme d'ima- 
gerie diagnostique ultrasonore, soit la distance en- 
tre ladite sonde ultrasonore et ledit systeme d'ima- 
gerie diagnostique ultrasonore. 



10 



21. Sonde ultrasonore selon la revendication 1, dans 
laquelle ledit recepteur sans fil dans le systeme 
d'imagerie diagnostique ultrasonore comprend une '5 
section Fl et une section en bande de base. 



22. Sonde ultrasonore selon la revendication 21 , dans 
laquelle ledit recepteur sans fil dans le systeme 
d'imagerie diagnostique ultrasonore comprend un 20 
demodulateur en quadrature. 

23. Sonde ultrasonore selon la revendication 3, dans 
laquelle ledit recepteur sans fil dans le systeme 
d'imagerie diagnostique ultrasonore comprend une 25 
section Fl et une section en bande de base. 



24. Sonde ultrasonore selon la revendication 23, dans 
laquelle ledit recepteur sans fil dans le systeme 
d'imagerie diagnostique ultrasonore comprend un 30 
demodulateur en quadrature. 

25. Sonde ultrasonore selon la revendication 1, dans 
laquelle ledit emetteur sans fil est un emetteur a 
spectre etale. 35 



26. Sonde ultrasonore selon la revendication 1, dans 
laquelle ledit emetteur sans fil utilise une frequence 
d'emission RF valant approximativement 2,4 GHz. 

40 

27. Sonde ultrasonore selon la revendication 1, com- 
prenant en outre un circuit de compression de don- 
nees pour comprimer les signaux d'echo mis en for- 
me avant leur transmission par ledit emetteur sans 

fil. 45 



28. Sonde ultrasonore selon la revendication 27, dans 
laquelle ledit circuit de compression de donnees uti- 
lise une des techniques de compression JPEG, 
MPEG ou par ondelettes. so 



29. Sonde ultrasonore selon la revendication 2, dans 
laquelle ladite sonde comprend en outre un dispo- 
sitif de stockage de donnees pour stacker une se- 
quence de commande demission, 55 

ou ledit circuit de synchronisation de trans- 
mission execute ladite sequence de commande 
demission stockee pour commander remission de 
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